Single photon absorptiometry has become an important technique for the investigation of disorders of skeletal mineralisation in the newborn. 1-3 It has been shown to be an accurate and reproducible measure of bone mineral content in the fetus4 and to be more sensitive in detecting bone mineral deficit in the newborn than conventional radiography.3
As part of a larger study of bone mineralisation in the neonate, we obtained measurements of bone mineral content and anthropometric data on fetuses and infants born between 18 and 43 weeks' gestation. The data on liveborn white infants have been taken to represent normal values for bone mineralisation in utero in relation to gestational age. These values are required as a reference against which postnatal changes in bone mineral content, measured longitudinally in individual infants, can be assessed. At any gestational age the normal rate of mineralisation in utero is most likely the optimum figure against which the success of postnatal dietary supplementation should be judged.
Daily dietary requirements for calcium and phosphorus after birth have previously been estimated from results of whole body analysis of infant cadavers, some of the infants having been stillborn.5
At any gestational age, however, systematic differences might exist between skeletal mineral content in stillborn and liveborn infants, and hence the daily mineral requirement derived using that approach might be invalid. We therefore studied white stillborn infants and spontaneous abortions as a separate group in order to find out whether or not they are an acceptable model for estimating the postnatal mineral requirements of preterm infants.
Observations of Asian singletons and white twins have also been compared with results obtained in white singletons.
Patients and methods
Seventy three white singleton infants were studied (36 boys, 37 girls). Infants born after 28 weeks' gestation who showed extreme intrauterine growth retardation-that is, those whose weight was below the third centile on standard charts-were excluded from the study.6 Gestational Because in this set of data there was no detectable systematic difference in birth weight between boys and girls, the data were pooled. Birth weight In the interval between birth and absorptiometry the weight in the boys decreased on average by a mean (SE) 31-2 (13.2) g (p<0-05) and in girls it decreased by 51-3 (20.9) g (p<0-02). For the two sexes pooled the mean decrease in weight was (13-6) g (p<0-01). (fig 4) . The data on liveborn infants indicated that bone mineral content does not increase in proportion to weight during 'normal' development in utero; there was a significant inverse correlation between log (BMC:weight) and gestational age. The data on stillborn infants were, with few exceptions, at all gestational ages lower than the data on liveborn infants; again, an inverse correlation was observed (1) Stillbirths Results on the two pairs of stillborn white twins expressed as deviations from the regression lines for group.bmj.com on April 15, 2017 -Published by http://adc.bmj.com/ Downloaded from stillborn white singletons showed no evidence of systematic bias, either positive or negative.
(2) Live births With the exception of one second born girl twin, the measurements on liveborn -white twins compared closely with expected values in liveborn white singletons with respect to body weight at birth, crown-heel length, weight at the time of absorptiometry, bone mineral content, and bone mineral content:weight. The exceptional twin (gestational age 30 weeks) had reduced body weight, crown-heel length, and bone mineral content.
Discussion
Because photon absorptiometry has been shown to be superior to radiological and biochemical methods in the diagnosis of osteopenia of prematurity3 it is important to establish a 'normal' intrauterine mineral accretion curve as an adjunct to the investigation and treatment of infants at risk of developing postnatal osteopenia. The above results, obtained as part of a larger series of investigations of bone mineralisation in the neonate, provide the required reference values together with standard anthropometric data in the same individuals.
In this study the relation between birth weight and gestational age for liveborn white infants was found to be exponential (fig 1) . A similar relation in a larger series has previously been reported by Shaw.7 Comparison of the relations between birth weight and gestational age for stillborn and liveborn white infants, however, showed a disparity in our data. At comparable gestational ages, stillborn infants tended to have lower birth weights than liveborn infants. Observations of crown-heel length, reduced in stillborn compared with liveborn infants, provided corroborative evidence of intrauterine growth retardation (fig 2) .
Also with respect to body weight, our data indicated as expected a loss between birth and the time at which absorptiometry was performed (less than two weeks after birth). Weight loss in the first week of life is usual.
In liveborn white infants born between 26 and 43 weeks' gestation the relation between bone mineral content in the forearm and gestational age was found to be curvilinear and was fitted to an exponential function (fig 3) . Greer It has already been noted above that stillborn infants are relatively short in stature, and on that basis it might seem reasonable to have taken crownheel length into account when comparing stillborn with liveborn infants. Crown-heel length, however, is dependent on the size of the skeleton, as is bone mineral content, and there is a continuous relation in utero between the two variables in infants subsequently liveborn. We think it is likely that in infants subsequently stillborn the relation might be the same-that is, that the skeletal mineralisation defect associated with stillbirth affects both crownheel length and bone mineral content. In that situation, the only way the defect can be detected is by examining the measurements of bone mineral content in relation to gestational age alone, and we therefore chose not to take crown-heel length into account when comparing the stillborn and liveborn groups.
The observation of retarded mineralisation in stillborn infants has important implications regarding daily calcium requirement in premature infants. Some authors have based their estimates of requirement on the change in total body calcium content between a given gestational age and full term,' but the change is calculated from measurements on infants including stillborn cases.13 14 Consequently the daily calcium requirement of 120-130 mg/kg/day is likely to be an overestimate because data from stillborn infants in the earlier gestational age groups will bias the mean total body calcium content downwards and as a result the calculated increment in total body calcium content between birth and full term will be too large. Given the patient management problems created by dietary calcium supplementation, which might include acidosis and hypercalcaemia, any reduction in calcium intake that remains consistent with the infant's true requirement is advantageous.
In an early study using the same technique we showed bone mineral content to be closely similar in full term Asian and white infants.15 The data in this study for Asian infants born after 35 or more weeks' gestation were consistent with the previous conclusion. Below Measurements on twins showed no mineralisation deficit relative to their singleton peers. One twin showed signs of nutritional compromise in utero, mimicking the findings in stillborn white singletons.
